Standard chemoradiotherapy (CRT) for local advanced rectal cancer (LARC) rarely induce rectal perforation. Here we report a rare case of rectal perforation in a patient with LARC in the midst of preoperative CRT. A 56-year-old male was conveyed to our hospital exhibiting general malaise. Colonoscopy and imaging tests resulted in a clinical diagnosis of LARC with direct invasion to adjacent organs and regional lymphadenopathy. Preoperative 5-fluorouracil-based CRT was started. At 25 d after the start of CRT, the patient developed a typical fever. Computed tomography revealed rectal Core tip: Standard chemoradiotherapy (CRT) for local advanced rectal cancer (LARC) rarely induces rectal perforation. This case report presents a case of rectal perforation in a patient with LARC in the midst of 5-fluorouracil-based preoperative CRT. We decided to complete CRT according to the original plan after supporting emergency recovery. The histopathological findings after radical operation revealed a wide field of tumor necrosis and fibrosis without lymph node metastasis, suggesting the efficacy of the CRT. We believe that establishing a standard treatment for CRT-related LARC perforation may improve the prognosis of such cases.
Abstract
Standard chemoradiotherapy (CRT) for local advanced rectal cancer (LARC) rarely induce rectal perforation. Here we report a rare case of rectal perforation in a patient with LARC in the midst of preoperative CRT. A 56-year-old male was conveyed to our hospital exhibiting general malaise. Colonoscopy and imaging tests resulted in a clinical diagnosis of LARC with direct invasion to adjacent organs and regional lymphadenopathy. Preoperative 5-fluorouracil-based CRT was started. At 25 d after the start of CRT, the patient developed a typical fever. Computed tomography revealed rectal
INTRODUCTION
Currently, the best proven approach to local advanced rectal cancer (LARC) is a combination of surgery and preoperative chemoradiotherapy (CRT) [1, 2] . Compared to preoperative radiotherapy (RT) alone, the incidence of local recurrence at 5 years was significantly lower in the preoperative CRT group [3] . We previously reported that the pathological response to preoperative 5-fluorouracil (FU)-based CRT may be a useful predictor of LARC survival [4] . However, preoperative CRT is associated with various adverse effects that can be life-threatening. Among the life-threatening side effects, CRT-related perforation of colorectal cancer is not well understood. We herein report a case of perforated LARC associated with preoperative CRT.
CASE REPORT
A 56-year-old Japanese male was transported to our facility with chief complaints of fever and general malaise. Though he had had anemia 3 years prior, he did not seek medical attention. He had used alcohol for at least 34 years. His serum level of carcino embryonic antigen was increased to 21.0 ng/mL (normal < 2.5). The colonoscopy examination revealed a low anterior circumferential rectal lesion ( Figure 1A ).
An endoscopic biopsy histologically confirmed the clinical diagnosis of adenocarcinoma. Magnetic resonance imaging (MRI) findings revealed LARC with involvement of perirectal fat, the prostate and the seminal vesicles ( Figure 1B) . Some of the lymph nodes in the tumor area were enlarged ( Figure 1C ) and 18-fluorodeoxyglucose (FDG)-positron emission tomography (PET)/computed tomography (CT) showed metabolically active foci in the left obturator lymph node ( Figure 1D ). No evidence of distant spread was seen.
The patient was scheduled for preoperative 5-FUbased CRT. Administration of a fixed dose of tegafur/ uracil (UFT) (300 mg/body per day) and leucovorin (LV) (75 mg/body per day) was planned for days 1-28. Concurrent RT administration to the whole pelvis ( Figure  2A Figure 2B ), and the colonoscopic examination also showed the perforation of the tumor wall ( Figure 2C ). The patient underwent construction of a sigmoid colostomy as an emergency surgery.
At 12 d after the surgery with no inflammatory findings, the remaining CRT was commenced, and was completed safely according to plan. The patient underwent abdominoperineal resection of the rectum including the prostate and seminal vesicle with a laparoscopic technique as minimally invasive surgery. The histopathological findings revealed that a wide area of tumor tissue had been replaced by necrotic tissue and fibrous tissue, suggesting that chemoradiation had been effective ( Figure 3 ). The Union for International Cancer Control (UICC) TNM staging [5] of the tumor was pT3, N0
(0/34), M0. No evident disease recurrence has been observed in the patients for 8 mo.
DISCUSSION
RT is one of the useful modalities for various cancers including rectal cancer. Currently, more than 50% of cancer patients receive RT with or without chemotherapy [6] . RT gives rise to various cellular responses including both DNA and membrane damage [7] . The DNA damage leads to cell cycle arrest, apoptosis, stress and the activation of DNA repair processes through coordinating intracellular signal pathways involving poly ADP ribose polymerase, ERK1/2, p53 and ataxia telangiectasia mutated [7, 8] . Concerning pelvic RT with concurrent 5-FU-based chemotherapy, 5-FU can increase radiation sensitivity [3, 9] . However, RT causes various side effects that damage healthy cells and tissues near the treatment area.
Radiation-related tissue injuries are well known to occur in the gastrointestinal tract. Acute radiation-related small bowel toxicity often occurs during RT for LARC. The overall incidence of acute Grade 3-4 diarrhea was 16%-39% in prospective studies of preoperative RT [10] . Concerning the rectum, radiation proctitis is generally classified as acute or chronic phase by the timeframe of the symptoms, and chronic proctitis may include acute proctitis defined as an inflammatory process. However, the detailed pathogenesis of RT-induced proctitis is not yet clear. Acute proctitis including symptoms of diarrhea, nausea, cramps, tenesmus, urgency, mucus discharge and minor bleeding occurs within 6 wk after the start of RT [11] . Severe bleeding, strictures, perforation, fistula and bowel obstruction occur in the chronic phase, which may not become apparent for months to years [12] . Concerning pelvic RT with concurrent 5-FU-based chemotherapy, severe acute small-bowel toxicity was found to be associated with radiation in a dose-dependent manner [13, 14] . Colorectal perforation is a life-threatening complication. The causes of rectal perforation include fecal impaction, enema, and cancer and its therapy, including RT, chemotherapy and molecular-targeted therapy. Among them, rectal perforation from pelvic RT is an extremely rare adverse event. The mechanisms of radiation-related perforation, especially the difference in responses between normal rectal tissue and LARC tissue, remain elusive. RT-induced normal tissue perforation is generally caused by accumulation of radiation-induced irreversible ischemic mechanisms with submucosal fibrosis and obliteration of small blood vessels [15] . In addition to the ischemic change, cancer tissue with high radiation sensitivity results in massive necrotic death, which in turn triggers an inflammatory reaction analogous to a wound-healing response [15] [16] [17] . There is general agreement that radiation-induced gastrointestinal injuries are associated with the dose of radiation. Late normal tissue reactions are more dependent on the dose per fraction than acute reactions [18] . Still, Do et al [12] reported that a total dose of 45 to 50 Gy delivered to the pelvis for adjuvant or neoadjuvant treatment for rectal malignancies generally causes very few acute and late morbidities. However, total treatments of > 70 Gy cause significant and long-standing injury to the surrounding area [12, 19] . In the present case, the main cause of the standard 5-FU-based CRT-related rectal perforation was thought to be not direct radiation morbidity but a secondary effect of the tumor necrosis. In addition to excessive treatment effects of CRT, the potential risks for CRT-related LARC perforation may include the presence of diverticula, collagenosis and tumor ulceration. Khan et al [20] also argue that the biological behavior of the tumor may have a large influence on whether an event occurs because all transrectal tumors have the potential for perforation. Pathological and immunohistochemical analyses of various factors in colorectal tumor perforation Takase N et al . Preoperative CRT-related rectal cancer perforation compared with non-perforated tumor showed significant associations of tumor location and cell differentiation [21] . We searched all common literature search engines (PubMed, Medline, Google Scholar). To our knowledge, only 6 cases of perforated LARC associated with 5-FUbased preoperative CRT have been reported [20, 22, 23] ( Table 1) . Among them, the cases of perforation in the midst of preoperative CRT were only 2 in number. Furthermore, completion of preoperative CRT according to the original plan after supporting emergency recovery for CRT-related rectal perforation has never before been described.
In recent years, various molecularly targeted agents have been used clinically for colorectal cancer. However, the spread of molecularly targeted therapies including combination RT has resulted in more cases of agentinduced gastrointestinal perforation [24, 25] . Gastrointestinal perforation has occurred in both non-tumor tissue and tumor tissue including rectal cancer [26] . To avoid severe complications related to CRT, such as LARC perforation, regimens of chemotherapy as well as methods of radiation therapy should be carefully considered.
In conclusion, we documented an extremely rare case of LARC that developed preoperative rectal perforation in the midst of 5-FU-based preoperative CRT. We share this case as important evidence for the treatment for According to the TNM classification by Union for International Cancer Control (UICC) [5] . The following cases searched common literature search engines LARC perforation in the midst of preoperative CRT. Our case findings imply that completing preoperative CRT after supporting emergency recovery may enhance the anti-tumor effect, resulting in a better prognosis for such cases.
COMMENTS

Case characteristics
A 56-year-old male with locally advanced rectal cancer (LARC) developed preoperative rectal perforation in the midst of 5-fluorouracil (FU)-based preoperative chemoradiotherapy (CRT).
Clinical diagnosis
Colonoscopy and imaging tests resulted in a clinical diagnosis of LARC with direct invasion to adjacent organs and regional lymphadenopathy.
Differential diagnosis
Inflammatory associated rectal perforation.
Laboratory diagnosis
Preoperative serum level of carcino embryonic antigen was increased to 21.0 ng/mL (normal < 2.5).
Imaging diagnosis
The computed tomography findings revealed rectal perforation with air-fluid around the left side of the seminal vesicle adjacent to the rectum.
Pathological diagnosis
A wide area of tumor tissue was replaced by necrotic tissue and fibrous tissue, suggesting that chemoradiation had been effective.
Treatment
The patient completed preoperative CRT after supporting emergency recovery.
Related reports
To our knowledge, only 6 cases of perforated LARC associated with 5-FU-based preoperative CRT have been reported.
Experiences and lessons
The authors share this case as important evidence for the treatment of LARC perforation in the midst of preoperative CRT.
Peer-review
This case report demonstrated that completing preoperative CRT after supporting emergency recovery may enhance the anti-tumor effect, resulting in a better prognosis.
